Idiopathic Pneumonia Syndrome (IPS) is a common complication after allo-SCT and results in high mortality rates. Conventional treatment for IPS typically includes supportive care and high-dose corticosteroids (CS). Data suggests that TNF-a is important in the pathogenesis of IPS and that the TNF-a inhibitor etanercept may be useful for IPS treatment. We performed a retrospective comparison of consecutive patients treated at our center for IPS with CS only from 1999 to 2003 (group 1, n ¼ 22) or CS plus etanercept from 2004 to 2007 (group 2, n ¼ 17). In all, 18% of patients in group 1 vs 53% in group 2 were successfully taken off respiratory support and discharged from the hospital (P ¼ 0.039). OS was significantly better for recipients of CS plus etanercept (P ¼ 0.003). The estimated survival at 28 days and 2 years after IPS was 36.4% (95% CI 17 --56%) and 9.1% (95% CI 2 --25%) for group 1 and 88.2% (95% CI 61 --97%) and 18% (95% CI 4 --38%) for group 2, respectively. Our retrospective comparison suggests that the addition of etanercept to CS for IPS improves response rates and OS. However, outcomes remain limited in both groups, highlighting the need for more effective interventions to treat early and late complications of IPS.
INTRODUCTION
Idiopathic Pneumonia Syndrome (IPS) describes a spectrum of acute non-infectious lung disorders that occurs in 5 --25% of all hematopoietic SCT (HSCT) recipients. 1 --6 The 1993 National Heart Lung and Blood Institute consensus workshop defined IPS as progressive respiratory failure with multi-lobar pulmonary infiltrates on chest radiography or computed tomography, which are determined to be non-infectious and non-cardiogenic in nature. 1 IPS typically occurs within 100 days of HSCT and is associated with high mortality rates ranging between 50 and 80%. 1,3 --7 Historically, standard treatment approaches to IPS included supportive care, broad-spectrum antibiotics and the administration of intermediate to high-dose corticosteroids (CS).
Risk factors for developing IPS include myeloablative conditioning, TBI, advanced age and prior GVHD. 3, 6, 7, 9 Once IPS occurs however, all risk groups do poorly. 6 IPS has been attributed to a myriad of pulmonary insults, including cytotoxic effects of the conditioning regimen, cell mediated immune injury, inflammatory cytokines and occult infections. 5, 6, 10, 11 Mouse models have provided key insights into the pathogenesis of IPS and suggest a central role for donor T-cell-derived TNF-a as a mediator of lung injury. 2,5,7,12 --15 These observations have led to the use of etanercept (Enbrel; Amgen, Thousand Oaks, CA, USA), a soluble TNF-a-binding protein, in small numbers of patients with IPS. 7, 9, 16, 17 The largest reported series to date includes 15 patients with IPS after HSCT treated with combination CS plus etanercept; response rates were high with a 28-day survival rate of 73% but poor long-term outcome (1-year survival 20%). Measurements of bronchoalveolar lavage (BAL) fluid and plasma reported elevations of TNF-a with IPS onset and corresponding reductions with response to therapy. 5 Our own institutional standard in the treatment of IPS has evolved over several years. Prior to 2004, our standard approach was supportive care and high-dose CS. Given the poor outcome of these patients and the evolving literature on the role of TNF-a in this disease, we changed our practice in January 2004 to include a combination of etanercept with high-dose CS in the treatment of these patients. Here we report our institutional outcomes of consecutive patients with IPS treated with and without the use of etanercept.
MATERIALS AND METHODS

Patients and study design
Patients with treated IPS were identified through the retrospective review of medical records in a manner approved by the Institutional Review Board of the Hospital of the University of Pennsylvania. The goal of this retrospective cohort study was to compare outcomes of patients with IPS who were treated with CS or CS plus etanercept.
We reviewed the charts of 446 consecutive adult allogeneic HSCT recipients treated at our center from January 1999 to December 2007. In all, 39 patients (8.7%) were identified with confirmed or suspected IPS. 
Definitions
Confirmed or suspected cases of IPS were based on NHLBI working group criteria.
1 Briefly, these criteria require evidence of widespread alveolar injury (including multi-lobar infiltrates on chest radiography, symptoms and signs of pneumonia and evidence of increased alveolar-to-arterial oxygen gradient) with no other suspected or identified cause for these findings, such as heart failure or bacterial, fungal or viral infection based on cultures or other assays. Attempts were always made to rule out other causes of pulmonary toxicity and infection and all patients were on empiric antibiotics for bacterial and fungal pathogens. BAL was performed in some but not all cases and was not part of the criteria for inclusion in this analysis.
GVHD was graded according to the modified Glucksberg criteria. 18 Neutrophil engraftment was defined as the first of three consecutive days that an ANC was greater than 500/mL.
IPS treatment
Prior to January 2004, patients with a diagnosis of IPS were treated with 1 g of methylprednisolone for 3 days followed by a taper of 50% every 3 days until patients were on 1 mg/kg/day. Subsequent tapering of steroids was determined by the patient's physicians dependent on the clinical scenario. After January 2004, patients with a diagnosis of IPS received the same course of methylprednisolone with the addition of etanercept given at 25 mg s.c. twice weekly for 4 weeks for an intended course of eight doses. 7 
Statistical analysis
The primary objective of this retrospective review was to compare the two treatment groups with respect to survival at day þ 28 after initiation of treatment for IPS. Secondary objectives included identifying differences in hospital length of stay, days on mechanical ventilation, use of supplemental oxygen, 6-month and 2-year OS, treatment-related complications and causes of death. We compared distributions of categorical baseline variables and outcomes between treatment groups using Fisher's exact test. We computed 95% exact Clopper --Pearson confidence intervals for binomial proportions. We computed medians of continuous uncensored distributions and compared distributions of uncensored continuous variables between treatment groups using the Mann --Whitney test. We tested for differences in censored continuous distributions using the log-rank test. All analyses were performed in SAS version 9.2 (SAS Institute, Cary, NC, USA).
RESULTS
Patient characteristics
The characteristics of the 39 patients diagnosed with IPS during the study period are summarized in Table 1 . Between January 1999 and December 2007, the incidence of IPS at our center was 8.7% with a median time of onset of 12 days (range 0 --46 days) after HSCT. During the time period of this study, 161 patients received reduced intensity conditioning regimens prior to SCT with four cases of IPS (2.5%). In contrast, 288 patients received conventional myeloablative therapy accounting for 35 cases of IPS with an incidence more typical of the reported literature at 12%. Among patients who developed IPS, 90% received conventional myeloablative conditioning regimens and 10% received reduced intensity conditioning regimens.
TBI (1200 cGy) was used in 67% (26/39) of all cases and in 74% (26/35) of all cases that received myeloablative conditioning. Prophylaxis for GVHD included a calcineurin inhibitor with MTX in 77% and a calcineurin inhibitor with methylprednisolone in 13%; all recipients of thiotepa/CY/TBI conditioning received grafts depleted of T cells and CYA with CS as further GVHD prophylaxis. 19 Except for the year of transplant, patients with IPS treated with CS alone (group 1) vs those treated with CS plus etanercept (group 2) were largely comparable, except that the stem cell source was peripheral blood in 32% of patients in group 1 and 88% patients in group 2 (Po0.001) largely due to practice changes during this time period. Recipients of unrelated donor grafts before 2004 were conditioned with thiotepa, CY and TBI, and received CYA and CS as GVHD prophylaxis accounting for the differential use of this regimen and GVHD prophylaxis in group 1. 19 The median engraftment time was 14 days for group 1 and 16.5 days in group 2 (P ¼ 0.63). There were no significant differences in recipient age, indication for HSCT, use of sibling vs unrelated donor grafts, HLA matching, conditioning regimen intensity, sex mismatching or CMV status.
Overall, 25 of 39 patients underwent BAL evaluations including 54% patients in group 1 and 76% of patients in group 2 (P ¼ 0.194).
IPS presentation
The presentation of IPS was similar between both groups of patients. Patients in group 1 experienced the onset of IPS at a median of 11.5 days after HSCT (range 0 --46 days) whereas patients in group 2 experienced the onset of IPS at a median of 12 days after HSCT (range 3 --26 days; P ¼ 1). Patients in group 2 were more likely to develop IPS within 7 days of engraftment; IPS occurred within 7 days of engraftment in 9/22 patients (40.9%) in group 1 compared with 13/17 (76%) in group 2 (P ¼ 0.05). Infection preceded the onset of IPS in 13/22 patients (68.4%) in group 1 and in 12/17 patients (70.6%) in group 2; P ¼ 1.00. The median time between infection and the onset of IPS was 4 days (range 1 --12 days) and 2 days (range 1 --17 days) for groups 1 and 2, respectively; P ¼ 0.30.
In all cases, aggressive attempts were made to rule out other causes of hypoxia and pulmonary infiltrates, and infection was not considered the cause of pulmonary infiltrates. Blood and sputum cultures were performed in all cases. No prior infection was found in 6/22 patients in group 1 and 5/17 patients in group 2. Bacterial infections occurred most often in both groups, with 7/22 patients in group 1 and 10/17 patients in group 2. Infection data was unavailable for 9 patients in group 1. There were no cases of mycobacterial infections identified. As noted, comparisons of infections in this study is difficult as the etanercept-treated patients survived longer often on immune suppression and therefore were at longer risk of infection.
All patients had imaging with chest X-ray and CT imaging was done on 2/22 patients in group 1 and 14/17 patients in group 2. Unfortunately, CT imaging data was unavailable for 10/22 patients in group 1, however 5/10 patients with unknown CT imaging had confirmed diagnosis of IPS by a negative BAL procedure. BAL was performed in 12/22 (54%) patients in group 1 and 13/17 (76%) patients in group 2 (P ¼ 0.495).
IPS treatment
All patients were initially treated with 1 g of i.v. methylprednisolone for 3 days followed by a 50% dose reduction every 3 days until a dose of 1 mg/kg/day was reached. Steroids were further tapered or discontinued at the discretion of the treating physician depending on response and additional factors such as the presence or absence of GVHD. Group 1 received a median duration of 12 days (range 3 --44 days) of CS therapy compared with 43 days (range 11 --168 days) in group 2 (P ¼ 0.003). This difference was largely due to the longer survival of patients in group 2.
In group 2, etanercept was started in all patients within 3 days of initiating CS treatment and continued for a median of six of eight planned doses of etanercept (range 2 --8 doses).
Response to treatment The duration of mechanical ventilation was similar in both groups; group 1 received a median of 10 days (range 0 --43 days) and group 2 received a median of 10 days (range 0 --32 days, P ¼ 0.456) of mechanical ventilation. In group 1, 17/22 (77%) patients were intubated (data unavailable for 4 patients and 1 patient did not require intubation), compared with 12/17 (71%) patients in group 2 (P ¼ 0.721). However, more patients were terminally extubated in group 1 (14/22; 64%) compared with group 2 (3/17; 18%; P ¼ 0.008). Only 4/22 (18%) patients in group 1 as opposed to 9/17 (53%) in group 2 (P ¼ 0.039) were successfully taken off respiratory support and discharged from the hospital.
Patients in both groups had similar durations of oxygen support (nasal cannulae or mechanical ventilation) requiring a median duration of 16 days (range, 1 --65 days) and 18 days (range, 5 --58 days) for groups 1 and 2, respectively (P ¼ 0.593). Group 1 required additional oxygen support after intubation for a median of 15 days compared with 11 days in group 2. The durations of oxygen support and mechanical ventilation were influenced by both improvement with successful extubation as well as terminal extubation and death.
GVHD and other transplant-related complications Overall, 56% (95% CI 40 --72%) of all patients developed GVHD. Grade III --IV acute GVHD developed in 41% (95% CI 26 --58%) of all patients. The likelihood of developing any GVHD and grade III/IV GVHD was similar between groups (P ¼ 1.00) as noted in Table 2 . In addition, the risk of GVHD developing before or after occurrence of IPS was similar in both groups (P ¼ 0.69).
Other transplant-related complications developing in these patients are outlined in Table 2 . Patients in group 1 were more Survival Kaplan --Meier curves of the estimated distribution of survival after onset of IPS for the two groups appear in Figure 1 . A logrank test comparing the survival curves between groups gave a P-value of 0.003. The estimated survival probability 28 days after IPS for all patients was 59% and was significantly better (Po0.001) for recipients of CS plus etanercept (group 2; 88.2%, 95% CI 61 --97%) compared with recipients of steroids alone (group 1; 36.4%, 95% CI 17 --56%). Day 180 survival after IPS onset for all patients was 15% without a statistically significant difference between groups; estimates are 9.1% (95% CI 2 --25%) for group 1 vs 23.5% (95% CI 7 --45%) for group 2 (P ¼ 0.374). The estimated 2-year survival was 13% for all patients including 9.1% (95% CI 2 --25%) for group 1 and 18% (95% CI 4 --38%) for group 2 (P ¼ 0.636).
Cause of death In group 1, multi-system organ failure (n ¼ 10; 45%) was the most common cause of death, followed by respiratory failure (n ¼ 7; 32%). In group 2, multi-system organ failure accounted for death in 29% of patients and respiratory failure accounted for death in 35% of patients. GVHD was the cause of death in one patient in group 1. These differences in cause of death between these groups were not statistically significant (P ¼ 0.614). Of note, only 1 patient in group 1 had relapse of disease at the time of death and no patients in group 2 experienced relapse of disease. In addition, there was no significant difference in early cause of death (death prior to day þ 100) between group 1 and group 2 in terms of multi-system organ failure (P ¼ 0.22) and respiratory failure (P ¼ 0.768).
DISCUSSION
The treatment of IPS has been generally limited to high-dose CS, aggressive supportive care and empiric antimicrobial therapy, but patient outcomes have been poor, with reported mortality rates of 50 --94% and rapid progression to death often within 9 to 14 days of onset. 4, 6, 20, 21 Although the pathogenesis of IPS is not well defined, TNF-a production from donor monocytes, macrophages and T cells appears to have an integral role in the development of IPS.
2,15,22
To determine if anti-TNF therapy could improve outcomes in patients with IPS after allo-SCT, etanercept in combination with CS has been reported in several small case series. 7, 9, 17 More recently, Yanik et al. 5 reported the results of a prospective trial involving 15 IPS patients treated with CS plus etanercept. Complete response, defined as the elimination of oxygen support, was observed in 67% of patients with a median time to response of 7 days. Additionally, 11/15 patients (73%) were alive at day þ 28 and 60% survived to hospital discharge. Unfortunately, only 20% of patients survived beyond 8 months; most deaths within 100 days were related to IPS and infection and deaths beyond day 100 were related to GVHD, relapse and heart failure, findings remarkably similar to our findings. Initial improved survival rates without improvement in long-term survival have been observed in other smaller series as well. 9, 23 Based on poor outcomes with high-dose CS and emerging data regarding the pathophysiology of IPS, in 2004 we began treating patients having a clinical diagnosis of IPS with a combination of high-dose CS and etanercept. In this study, we have compared outcomes in 22 consecutive patients treated at our center with high-dose CS to 17 recipients of similar doses of CS plus etanercept. The groups were treated during different time periods but were otherwise generally well matched except that patients in the earlier time periods were more likely to have received conditioning therapy with thiotepa, CY and TBI with T-cell depleted stem cell grafts, and to have received BM rather than a PBSC grafts. The incidence of IPS during the two time periods was similar suggesting that other practice patterns did not change the risk of IPS and were unlikely to influence the cause of pulmonary toxicity or response to therapy. Our patient population was also typical of patients in other reports who develop IPS in regards to overall incidence (8.7%), median time of onset (12 days), and incidence after the use of conventional myeloablative conditioning regimens (12%). 6, 7, 9, 17, 21 To date, we are not aware of other reports directly comparing high-dose CS therapy to CS therapy plus anti-TNF-a treatment for IPS. Our analysis shows that combination therapy with CS and Weeks since IPS onset Figure 1 . Kaplan --Meier estimates of OS following etanercept and CS. A logrank test comparing the survival curves between groups gave a P-value of 0.003. The estimated survival probability at day 28 for recipients of CS plus etanercent (group 2; 88.2%, 95% CI 61 --97%) was significantly better compared with recipients of steroids alone (group 1; 36.4%, 95% CI 17 --56%) (Po0.001).
etanercept improves survival compared with CS alone (Figure 1 , P ¼ 0.003). The duration of oxygen therapy, time spent in the intensive care unit and days on mechanical ventilation were similar in groups 1 and 2. The lack of observed differences in these outcomes may be explained by early deaths in recipients of CS only (group 1). This would translate into a shorter duration of mechanical ventilation and length of stay in the intensive care unit rather than a response to therapy. This hypothesis is supported by the fact that recipients of CS plus etanercept (group 2) had a longer stay in the hospital and a greater proportion of patients survived to hospital discharge. As some patients did not require mechanical ventilation, it was not possible to calculate 'ventilatorfree days'. 24 Although the duration of total CS therapy was found to be significantly different between group 1 (12 days) and group 2 (43 days) (P ¼ 0.003); this difference is also likely explained by early mortality after IPS onset in group 1 rather than better responses.
The incidence of grade III/IV acute GVHD was similar in both groups. Furthermore, the occurrence of GVHD prior to IPS onset and distribution of organ involvement were also similar in both groups. Whereas etanercept has been hypothesized to minimize GVHD and is being used in phase-II clinical trials as prophylactic therapy, its effect on preventing severe GVHD remains unknown. In addition, the number of patients in our study was quite small to get an accurate estimate of the impact of etanercept. Finally, the early death in group 1 and longer survival in group 2 (and thus, higher risk of severe GVHD) would have been competing risks. Therefore we cannot make any conclusions about the role of etanercept in preventing or treating GVHD.
Despite a survival benefit with the addition of etanercept to CS, the overall prognosis for these patients remains poor with only 18% of patients in group 2 surviving at 2 years after IPS onset. This long-term survival data is similar to outcomes reported by others in both untreated patients with IPS and in recipients of anti-TNF therapy and CS. 9, 16, 25 Etanercept has a half life of elimination of 72 --132 h (3 --5 days), however it is not known if ongoing exposure is necessary to prevent recurrence of IPS and if a longer duration of use would lower the risk of recurrent IPS. Tun et al. 17 described two cases of late-onset IPS after non-myeloablative allo-SCT. Both patients responded to initial etanercept therapy; however each patient experienced a relapse of dyspnea and infiltrates 1 month after etanercept discontinuation. Re-initiation of etanercept therapy produced a rapid resolution of clinical and radiographic symptoms. In our present study, four patients who had previously demonstrated a response to etanercept treatment experienced a relapse of respiratory distress at a median of 41 days after the last dose of etanercept. None of the patients were restarted on etanercept.
Our study also found that patients treated with CS only (group 1) were more likely to develop veno-occlusive disease (P ¼ 0.04) and acute renal failure (P ¼ 0.003). This raises the concern that this patient population was sicker and at higher risk for organ toxicity. This seems unlikely as (1) patients characteristics were similar; (2) the incidence of IPS was similar among all transplant patients during the time periods studied; (3) the presentation and time of onset of IPS were similar; and (4) outcomes in our patients were similar to other reported case series. The reason for the higher incidence of veno-occlusive disease in group 1 is not known. It is possible that etanercept affected the development of these complications in patients treated in later years, a hypothesis that would best be tested in randomized trials and through comparisons of larger numbers of patients. However, it may be due to differences in conditioning therapies used in this group of patients, different patient selection, or other difficult-to-identify differences.
The major limitations to this analysis are the retrospective nature of the study, the comparison of patients treated during different time periods and the small numbers of patients studied. There were some differences in the conditioning regimen and GVHD prophylaxis given to these patient groups; these may have influenced the risk of IPS and other organ toxicity (and hence survival) but it is unclear if they would affect the response to IPS therapy. Due to practice changes during our study period, there was a difference in stem cell source between the two groups, with greater use of PBSC in group 2. According to the recently published statement on IPS by the American Thoracic Society, the impact of stem cell source on the development of IPS has not been fully evaluated. 26 The small number of patients treated in each group precludes a detailed analysis of characteristics that might predict for, or be associated with, response and survival.
The diagnosis of IPS was made on clinical grounds after ruling out other possible causes and was confirmed by chart review for this study. Although examination of BAL fluid is not a requirement for a definition of IPS, and hence BAL was not required, it was performed in 59% of patients in group 1 and 76% of patients in group 2 (P ¼ 0.495). There were a number of reasons BAL may not have been performed. Several patients declined and often patients were clinically unstable and could not tolerate BAL without subsequent intubation. In addition, the sensitivity of BAL, particularly for fungal infections is often low, and bacterial and viral pneumonias were often ruled out on clinical grounds and through other less invasive testing (quantitative CMV testing, testing for common respiratory viruses, sputum samples, blood cultures, etc). All patients had chest X-rays and CT imaging was done to identify other sources of infection if clinically indicated. Heart failure was possible to exclude via clinical findings and echocardiograms. As there was no significant difference in survival in patients who did or did not undergo BAL, we believe that performance of BAL was not a measure of lower acuity and is unlikely to explain differences in outcomes between patient groups. It is also notable that the recently closed randomized trial studying the role of etanercept for IPS did not require BAL for a diagnosis of IPS.
Another issue was that we retrospectively identified only patients with a diagnosis of IPS; it was not possible to determine how many patients were evaluated for IPS and found to have other causes of lung injury or pulmonary infiltrates. Furthermore, we cannot definitively exclude the possibility that other supportive care practice changes in later years accounted for the improved responses and survival differences in recipients of etanercept (such as improved antibiotics, diagnostic methods and changes in intensive care support). Despite these limitations, the early outcomes for recipients of etanercept and CS were significant and better than our historical experience and from other published outcomes. We could not identify any other obvious change in practice to account for these differences.
The relationship of infection to development of IPS is complex. As highlighted by others, it is critical to rule out the possibility of infectious causes of pulmonary toxicity. 1, 6, 16 Syndromes such as GVHD and infection may elicit an immune response and activate inflammatory cytokines that may contribute to lung injury and multi-organ failure syndromes. 4 Therefore, it is logical that infections may be associated with subsequent IPS; infections were common in our patients. There were no differences in infections between the treatment groups however (P ¼ 1.0). The time from the first positive blood or urine cultures to the onset of IPS was also similar between both groups. In all cases, the identified infection was not thought to be the cause of pulmonary infiltrates. We believe that any identified or presumed infection was 'under control' at the time of etanercept. Of course, many patients were critically ill due to interstitial pneumonitis, but it was the clinical impression that known infections were being appropriately treated.
One noted difference in our patient groups was the timing of IPS in relationship to engraftment. In group 1, 9/22 patients (41%) had neutrophil engraftment within 7 days of onset of IPS compared with 13/17 patients (77%) in group 2 (P ¼ 0.05). The reason for this difference is unclear, as there was no difference in median time to engraftment between groups 1 and 2 (14 days vs 16.5 days; P ¼ 0.63). Peri-engraftment respiratory distress syndrome (PERDS) has been included as a clinical subset of IPS in various reports. 8, 21, 26 PERDS is characterized by fever, dyspnea, bilateral interstitial infiltrates, and most notably, early onset within 5 to 7 days of engraftment after autologous transplant and there is likely significant overlap between these syndromes. 21 IPS is also often described as occurring near the time of engraftment. 5 PERDS may also be treated with high doses of CS though reported outcomes may be better than other manifestations of IPS with reported mortality rates of 26%. 27 Although PERDS has been described to be more responsive to CS alone, TNF-a secreted by donor T cells is still a significant contributor to lung injury in the acute setting. In the murine model, acute pulmonary toxicity within the first 2 weeks of HSCT is caused by the influx of host monocytes and donor T cells into the lungs. The etanercept group may have an increased incidence of the PERDS subtype, which could have influenced the onset of IPS and response to treatment.
Though a randomized phase III trial comparing these approaches was initiated by the Blood and Marrow Transplant Clinical Trials Network (Clinicaltrials.gov identifier NCT00421174), the trial was closed early due to slow accrual. Definitive randomized results will not be available in the foreseeable future, and for now we must rely on phase II data and retrospective comparisons to guide treatment considerations.
Despite the retrospective nature of our analysis, our results suggest that treatment of IPS with combination high-dose CS and anti-TNF directed therapy with etanercept results in improved OS compared with treatment with CS alone, and leads to more frequent discharges from both the intensive care unit and the hospital. Unfortunately, long-term survival remains limited regardless of treatment. This clearly demonstrates that even more effective interventions are needed to treat IPS after allogeneic SCT.
